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Abstract

Introduction. Coronavirus infection (CVI) has made a significant contribution to the course of cardiovascular diseases in
the population of almost all countries of the world. The peculiarities of this course during the COVID-19 pandemic were
delayed medical care for patients with acute coronary syndrome and myocardial infarction due to insufficient resources for
external care, hospital beds, shortage of ambulance crews, and means for resuscitative measures

The aim is to analyze the characteristics of in-stent thrombosis and restenosis of the coronary arteries in patients with
coronary heart disease who suffered coronavirus infection.

Materials and methods. The study included 490 individuals who underwent repeated myocardial revascularization due
to thrombosis of a previously implanted coronary artery stent or its restenosis. The main study group consisted of 181
patients who had a documented coronavirus infection. The control group included 309 patients of both sexes with
revascularized coronary heart disease who had no history of coronavirus infection. The age of the patients is 34-87 years.
The results obtained were analyzed using a specially created Register, which included all patients who underwent
myocardial revascularization between March 2020 and 2023 after CVI

Results. People with acute coronary syndrome due to or after a coronavirus infection are significantly more likely to
develop myocardial infarction compared to people who have not had an infection; among them, adverse outcomes in the
form of death or transfer to other medical institutions due to the severity of the condition are statistically significantly more
common. Among people in the main group, sub-acute thrombosis inside the stent was significantly more common.

Conclusion. It is necessary to carefully study the role of CVI in the development of coronary artery thrombosis in order
to be prepared to provide timely and most effective medical care to patients.

Keywords: acute coronary syndrome, in-stent thrombosis, stent restenosis, coronavirus infection, myocardial infarction.
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BBepeHue. KopoHaBupycHas WHEKLMS BHECNA CYLLECTBEHHDBIN BKMaj B Te4eHne 3ab0neBaHnin cepLeyHo-CoCcyanCTON
CUCTEMbI HaCeneHus npakTuyecks Bcex cTpaH mupa. OcoBeHHOCTSIMM Takoro TeyeHust B nepuog naHgemum COVID-19
SBMNUCL 3ano3garnoce OkasaHue MEAMLMHCKOW MOMOLW NauueHTam C OCTPbIM KOPOHApHbIM CUMHOPOMOM W MH(apKTOM
MWOKapAa BCMEACTBNE HE[OCTAaTOYHOrO KONMYECTBA PECYPCOB.

Llenbto uccneposaHua SBuncs aHanns ocobeHHocTel Tpombo3a M pecTeHo3a BHYTPU CTEHTA KOPOHAPHBIX apTepui y
NaLMEHTOB C MLLEMWUYECKOI HONE3HbI0 cepaLia, NEPEHECLLMX KOPOHABUPYCHY MHGEKLMIO.

Matepuanbl n metoabl. B nccnegosanne Obinn BkmtodeHbl 490 nuu, NepeHecLUMX NMOBTOPHYK peBackKynspu3aLmio
MWOKapaa no noBogy Tpombo3a NpeABapUTENbHO MMMAAHTUPOBAHHOMO CTEHTA KOPOHAPHOW apTepun UMK ero PecTeHo3a.
OcHoBHyto rpynny uccnegoBanus coctaBunv 181 naumeHT, nepeHecLunx KOPOHABUPYCHYIO MH(DEKLMIO, NOLTBEPKAEHHYIO
BOKkymeHTanbHo. B rpynny kontpons sowrm 309 naumeHToB 060MX MOMOB C PEBACKYNSAPU3MPOBAHHON WLLEMUYECKON
OonesHblo cepaua, He UMEILLME B aHaMHe3e KOPOHaBMPYCHOWM WHekumn. BospacT naumeHtoB — 34-87 net. AHanus
NONYYEHHbIX PE3YNbTaTOB NPOBOAUNCS C NOMOLLBIO CreLmnanbHO co3aaHHoro PerncTpa, KOTopbIn BKMKOYMM BCEX NALMEHTOB,
npoLueaLImnX peackynsapusaLuo Mmuokapaa B nepuog ¢ mapta 2020 no 2023 rr. nocne nepeHecerHoin KB

PesynbTtatbl. Y nuy C OCTPbIM KOPOHapHbIM CUMHAPOMOM Ha (hOHe WU Mocne nNepeHeceHHOW KOPOHaBUPYCHOW
WHEEKLMM JOCTOBEPHO Yalle pa3BMBAETCA MH(APKT MMOKapAa B CPaBHEHWM C NULAMM, He MEepeHeCLIMMU MH(EKLMIO;
Cpeay HNUX CTaTUCTUYECKM 3HAYMMO Yalle HabmopaTes HebnaronpusTHbIE MCXOAbI B BIAE CMEPTU UM NEPeBOa B Lpyrue
nevebHblE yYpeXaeHuss W3-3a TSKECTU cocTosHUS. Cpegu NWL OCHOBHOW rpynmbl CYLIECTBEHHO Yalle BCTpevascs
MOAOCTPbIA TPOMBO3 BHYTPY CTEHTA.

3akntoyeHue. Heobxogumo TilatensHoe uayyeHue ponu KB B pa3sutun Tpomb0o30B KOPOHAPHBIX apTepuii Ans Toro,
4T0BbI BbITH FOTOBLIMU K OKa3aHWNK0 CBOEBPEMEHHON N MaKCUManbHO SP@EKTUBHON MEANLIMHCKON MOMOLLM 6OMBHBIM.

Knrouesbie cnosa: ocmpaIili KOPOHaPHBIG CUHOPOM, MPOMO03 8HYMpPU CMeHma, PecmeHo3 CmeHma, KOpoHagupycHas
UHGbexyus, UHgbapkm Muokapoa.

TyniHgeme
KOPOHABUPYCTbIK UHOEKLIUAHbBI OTKEPIEH, XKXYPEK MLUEMUAJbIK
AYPYbl BAP HAYKACTAPAObLIH KOPOHAPIbIK APTEPUANAPBIHBIH
IWIHAErI CTEHT TPOMBO3bl MEH PECTEHO3bI.
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Kipicne. KopoHaBupycTbik WH(ekums onemHiH, Gapnblk Aepnik enaepiHiH, Xypek-KaH Tamblpnap aypynapbiHblH
afbIMblHa aiTapnbikTan ynec koctbl. COVID-19 naHaemuschl ke3iHaeri MyHAan aFbIMHbIH, epekLenikTepi pecypctapablH,
XETKiNikci3 GonybiHa GainaHbICTbl Xefen KOPOHapMblK CUHOPOMbI XoHe Muokaph WHdapkTici 6ap Haykactapfa kel
MeauLMHarbIK Kemek kepceTy 6onabl.

3epTTeyaiH MakcaTbl KOPOHaBMPYCTbIK WH(EKLMSHBI ©TKEPreH, Xypek WWeMusanblK aypybl Gap HaykacTapgbiH
KOPOHapIbIK apTepusinapbIHbIH, iLliHAEr CTEHT TPOMOO03bl MEH PECTEHO3bIHBIH, epeKLenikTepiH Tangay 6ongbi.

Matepuangap meH apgictep. 3epTTeyre angbiH ana UMNIaHTaLUsNaHFaH KOPOHAPbIK apTepust CTEHTIHIH, TPOMO03bI
HEMECE OHbIH, PECTEHO3bI YLUIH MUOKapd peBackynspusaunsceiHaH eTkeH 490 Haykac KaTbiCTbl. 3epTTeyaiH Heriari ToObl
Ky)KaTneH pacTanfaH KOpoHaBUpYCTbIK WHekumsnaH eTkeH 181 naumeHTTi Kypagbl. bakbinay TobblHa KOPOHaBUPYCTBIK
MHEKLWS TapuXbl XOK peBackynspusalusnaHFaH KopoHapnblk apTepust aypybl 6ap eki xbiHbicTarbl 309 nauweHT Kipi.
HaykactapabiH xacbl-34-87 xac. AnbiHFaH HaTuxenepai Tangay 2020 xbinablH Haypbi3bl MeH 2023 XbingbliH HaypbI3bl
aparnbifblHaa MWOKapa pPeBackynspu3aumscbiHaH ©TKeH 6apnblk NauneHTTepai KamTUTbIH apHalbl KypbinFaH Tisiniv
apKbInbl XKYprisingi.

Hotuxenep. KopoHaBupyCTblK WH(eKUMS (HOHbIHAA HeMece OfaH KewiH Xeden KopoHaprblK CuHApoMbl 6Gap
ajampapga MHMEKUMSHbI KYKTblpMaraH agamaapMeH canbICTbipFaHga Muokapd WHEapKTiCi xui gamugpl; onapgbiH
apacbiHga eniM Hemece XaFgandblH ayblpribiFbiHa bainaHbicTbl 6acka emaey MekemenepiHe aybiCTblpy TypiHAeri
KonawncbI3 HOTWXENep CTaTUCTUKanbIK TypFbiAaH anuTapnbiktai Oaikanagbl. Herisri TonTafbl agamgap apacbiHha CTeHT
iwinperi cybakyTanblk ToOMBO03 Xui keagecesi.

KopbITbIHABLI. HayKacTapFa yaKbITbinbl xaHe OapbiHWa TUiMAI MeauuMHanblK keMek kepceTyre ganbiH 6omy yLiH
KOpOHapIbIK apTepust Tpombo3gapbiHbIH, AamybiHaarsl KBY peniH MyKkusT sepaeney Kaxer.

TyliHdi ce3dep: Xeden KopoHaprbiK CUHOPOM, cmeHm iwiHOe2i mpomb0o3, CmMeHmM PecmeH03bl, KOPOHaBUPYCMbIK
UHGeKyus1, MUOKapd UHGhapKmici.
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Introduction complications in the form of cardiogenic shock, cardiac

Coronavirus infection (CVI) has made a significant
contribution to the course of cardiovascular diseases in the
population of almost all countries of the world. The
peculiarities of this course during the COVID-19 pandemic
were delayed medical care for patients with acute coronary
syndrome and myocardial infarction due to insufficient
resources for external care, hospital beds, shortage of
ambulance crews, and means for resuscitative measures
[1,8,19]. In addition, patients with coronary events often
refused to seek medical care due to fear of contracting
coronavirus infection [17]. All these factors contributed to
the fact that patients were admitted with severe

arrhythmias, low ejection fraction, etc. This significantly
complicated the timely provision of medical care, leading to
a significant increase in the need for invasive interventions,
lengthening the length of stay in a hospital bed and
ultimately to an increase in mortality rates from
cardiovascular pathology [15].

Risk factors for coronary artery stent thrombosis include
the following: 1) factors related to the lifestyle and health
status of the patient (presence of comorbid diseases such
as diabetes mellitus, arterial hypertension, chronic kidney
disease or chronic renal failure, malignant neoplasms),
smoking , obesity, ethnic characteristics, senility and old
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age, genetic predisposition, taking antiplatelet and
anticoagulant drugs); 2) factors associated with the
characteristics of damage to the coronary vessels
(localization of the stent, small diameter of the vessel, the
presence of an aneurysm or erosion of the vessel, damage
to the coronary artery over a long distance, thrombosis of
several coronary arteries simultaneously, damage to the
vessel beyond the boundaries of the stent, TIMI 0-1,
damage to the type C artery; calcification of the coronary
artery, leading to increased density and sclerosis); 3) risk
factors associated with the type of stent (small stents, bare
metal stents or sirolimus-eluting stents, presence of an
inflammatory reaction in the stent); 4) factors associated
with invasive intervention, which include the use of several
stents, the lack of prior use of clopidogrel, bivalirudin or
heparinization before the procedure, the need to use
overlapping stents, when with a large extent of vessel
damage it is necessary to use the technique of overlapping
stents, the use of the wrong stent size or diameter,
incomplete or excessive dilatation of the vessel during the
procedure, malposition of the stent due to calcification of
the vessel, or damage to the stent itself during implantation
[13].

The role of coronavirus infection in the development of
thrombosis and restenosis of stents in patients who have
undergone percutaneous coronary intervention in the past
is to enhance the pro-inflammatory environment due to
activation of the complement system through binding to
ACE2 receptors, which leads to a systemic inflammatory
response with increased synthesis of adenosine phosphate,
thromboxane with subsequent activation of calcium -
dependent aggregation of platelets and the coagulation
hemostasis system (fibrinogen-thrombin-fibrin), ~ which
ultimately leads to thrombus formation [4,5,6,9,10,11].

The purpose of our study was to analyze the
characteristics of in-stent thrombosis and restenosis of the
coronary arteries in patients with coronary heart disease
who suffered coronavirus infection.

Materials and methods

Characteristics of the study groups

The study included 490 individuals who underwent
repeated myocardial revascularization due to thrombosis of
a previously implanted stent in a coronary artery or its
restenosis. The main study group consisted of 181 patients
who had coronavirus infection or COVID-associated
pneumonia before or against the background of a
cardiovascular event, which was documented. The control
group included 309 patients. Criteria for inclusion in the
control group of the study: patients of both sexes with
revascularized coronary heart disease who do not have a
history of coronavirus infection. The age of patients is 34-87
years; the median age in the main group is 63.7 years, in
the control group - 64.1 years.

The exclusion criteria for the study were as follows:

- Patients in whom coronary artery stenting was
performed for the first time;

- Patients with autoimmune systemic diseases, cancer,
tuberculosis.

The sample was complete (all patients who underwent
repeated vascularization for the period from 06/01/2020 to
05/05/2023 (the end date of the pandemic)). The study
design was cross-sectional.

Characteristics of a specialized registry of patients
with coronary artery disease who underwent repeated
myocardial revascularization in the early or late stages
after COVID-19.

The analysis of the results was carried out using a
specially created Register, which included all patients who
underwent myocardial revascularization in the period from
March 2020 to 2023 after undergoing CVI.

The main register tabs were:

v socio-demographic data (age and sex
characteristics, profession, work status, disease outcome);

v main diagnosis and concomitant diseases;

v information on myocardial revascularization
(number of repeated revascularizations, date of last and
previous revascularizations, presence of restenosis),

v laboratory data indicating a history of CVI (PCR
test, IgM, IgG values),

v clinical data, data from instrumental examination
of patients (coronary angiography, ECG, EchoCG)

v laboratory  diagnostic  data  (leukocytes,
lymphocytes, platelets, hemoglobin, APTT, fibrinogen, INR,
d-dimer, troponin, ALT, AST, creatine phosphokinase,
creatine phosphokinase of the cardiac fraction, glucose,
urea, creatinine, CRP, lipid spectrum, LDH, ferritin).

The results described in this publication included the
socio-demographic characteristics of the studied patients
and clinical indicators characterizing  myocardial
revascularization.

Statistical analysis methods

During the study, descriptive statistics were carried out
for each time period with the calculation of absolute and
relative indicators. Pearson's goodness-of-fit test (x2) was
used to assess the statistical significance of differences
between study groups. A p value <0.05 was accepted as
statistically significant. Statistical data analysis was carried
out using SPSS version 20.0 (IBM Ireland Product
Distribution Limited, Ireland).

Results

According to the data presented in Table 1, in both the
main and control groups, about a quarter of the studied
individuals were women; the indicator did not have a
statistically significant difference in the study groups; more
than half of the patients in both groups were pensioners;
only about one fifth of the patients in the main group and
about a quarter of the patients in the control group had
permanent jobs.

Statistically significant differences were found between
study groups regarding disease outcomes. Thus, in the
main group, 4.4% of patients died versus 3.6% of the
control group. In the main group, five percent of patients
were transferred after coronary artery stenting to covid
hospitals due to COVID-associated pneumonia (p<0,001).

Of the concomitant diseases, arterial hypertension was
observed in the vast majority of cases in both groups; type
2 diabetes was present in more than 20 percent in both
study groups.

The majority of patients had the second blood group,
Rh positive, the first and third blood groups were observed
in almost the same number of patients in both study groups,
only about 7% of the studied individuals had the fourth
blood group. The absolute majority of people included in the
study had Rh positive blood.
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Table 1.
Social and demographic characteristics of the studied people.
Groups
Rates Main Control p

N % N %

sex females 48 26.5 73 23.6 0.473
males 133 73.5 236 76.4

Job status does not work 33 18.2 35 11.3 0.194
disabled person 11 6.1 28 9.1
works 36 19.9 73 23.6
pensioner 100 55.2 172 55.7
other 1 0.6 1 0.3

Outcome discharged 164 90.6 298 96.4 0.001
died 8 44 11 3.6
transferred 9 5.0 0 0.0

Hypertension Yes 175 96.7 305 98.7 0.127
No 6 3.3 4 1.3

Diabetes Yes 41 22.7 59 19.1 0.346
No 140 77.3 250 80.9

Blood group 1 54 29.8 91 294 0.967
2 64 35.4 116 375
3 50 27.6 81 26.2
4 13 7.2 21 6.8

Rh factor positive 168 92.8 297 96.1 0.109
negative 13 7.2 12 3.9

Median age (years) 63.7 64.1 0.735

Table 2 presents the characteristics of the clinical data
of patients in the study groups in relation to myocardial
revascularization. It was found that in the main group of

people who had suffered coronavirus infection, the

diagnosis of myocardial infarction predominated, while in
the control group, unstable angina pectoris was statistically
significantly more common (p=0,012).

Table 2.
Characteristics of clinical data in study groups.
Groups
Rates Main Main p
N % N %
Clinical diagnosis Unstable angina 95 52.5 198 64.1 0.012
Myocardial infarction 86 475 111 35.9
Timing of previous Acute 0 0.0 1 0.3 0.001
revascularization Subacute 21 11.6 23 74
Late 43 23.8 130 42.1
Very late 117 64.6 155 50.2
PCR test negative 169 94.4 308 100.0 0.001
positive 10 5.6 0 0.0
Stents number 1 142 78.5 253 81.9 0.521
2 28 15.5 45 14.6
3 9 5.0 10 3.2
4 2 1.1 1 0.3
Stent location
Marginal artery 2 1.1 5 1.6 0.644
Diagonal branch 3 1.7 5 1.6 0.947
Right coronary artery 63 34.8 111 35.9 0.803
Posterior descending artery 2 1.1 2 0.6 0.587
Left coronary artery 13 7.2 27 8.7 0.544
Circumflex artery 39 21.5 47 15.2 0.031
Left anterior descending artery 108 59.7 174 56.3 0.468

Of interest is the fact that in the main group of people
who underwent CVI, subacute thrombosis of the coronary
arteries (within one month from previous revascularization)
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was statistically significantly more common (p<0.001). In
the control group, late restenosis (within one month to one
year from previous revascularization) and very late
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restenosis (more than one vyear from previous
revascularization) predominated. It should be noted that late
restenosis occurred significantly more often in both study
groups.

The diagnosis of coronavirus infection preceding
repeated myocardial revascularization was confirmed by
anamnesis data, corresponding entries in extracts from
medical histories and outpatient records, PCR analysis and
analysis of immunoglobulins M and G. A positive PCR test
was recorded in only 5.6% of people in the main group,
which indicated that they had an acute infection at the time
of diagnosis of acute coronary syndrome.

In the vast majority of cases, one stent was implanted in
both study groups; their number reached four stents and did
not have statistically significant differences between the
subjects of the main and control groups.

The predominant location of implanted stents was the
anterior interventricular branch of the left coronary artery
(59.7% and 56.3% in the study groups, respectively).
Statistically significant differences in the study groups were
found only in relation to the circumflex artery (21.5% in the
main group and 15.2% in the control group, p=0,031).

Discussion

It is known that during the COVID-19 pandemic, many
hospitals were retrained as centers for the treatment of
patients with CVI. This led to the need to cancel or
postpone planned operations, including for patients with
coronary artery disease. However, despite the coronavirus
infection, it was necessary to perform emergency
operations on patients with emergency conditions, such as
acute myocardial infarction or unstable angina. Therefore, it
was necessary to select correctly patients who had
undergone stenting in the past and who needed coronary
artery revascularization based on the clinical presentation,
risk factors and possible consequences [2, 16].

In our study, the majority of patients subject to repeated
revascularization were men aged 63-64 years, which is fully
consistent with world statistics [20]. Certainly, CVI has
contributed to poor outcomes in patients requiring re-
invasive intervention for acute coronary syndrome,
especially in cases of acute infection at the time of
hospitalization, confirmed by PCR or the presence of IgM.
These data are confirmed by the results of studies
conducted in various countries, indicating that the course of
myocardial infarction against the background of CVI differs
in severity, when patients in a large number of cases
require resuscitation measures, transfer to mechanical
ventilation or ECMO [3,18].

The severity of the condition is also due to the presence
of comorbid pathology, primarily diabetes mellitus, which
was observed in every fifth patient in both study groups, as
well as arterial hypertension in almost all patients.
Treatment with ACE inhibitors could play a certain role in
this case, which, as shown in some studies, helps trigger
the mechanism of activation of thrombus formation in
patients with coronavirus infection [11,12,14]. A more
severe course of acute coronary syndrome against the
background of CVI led to a more frequent development of
myocardial infarction in the main study group compared to
patients without CVI.

Taking into account the pathogenetic mechanisms of
interaction of coronavirus infection with thrombus formation,

it becomes clear that sub-acute coronary artery stent
thrombosis predominated in the main group of the study. In
the control group, the need for repeated revascularization
was associated largely with late and very late restenosis of
the coronary arteries due to chronic inflammation and
neoatherosclerosis as well as calcification of arteries.

Conclusion

The results of our study demonstrate that people with
acute coronary syndrome after coronavirus infection are
significantly more likely to develop myocardial infarction
compared to people who have not had an infection; among
them, adverse outcomes in the form of death or transfer to
other medical institutions due to the severity of the condition
are statistically significantly more common.

Of interest is the fact that among people in the main
group, subacute thrombosis inside the stent was
significantly more common, while in the control group of
people without CVI, revascularization was caused mostly by
late and very late stent damage. These data require
continued research with a comprehensive and thorough
assessment of various laboratory parameters and
instrumental examination data characterizing both the
severity of an acute coronary event and coronavirus
infection. Despite the end of the COVID-19 pandemic
declared by WHO, the incidence rates of this infection
remain quite high in all countries of the world. Therefore, a
thorough study of the role of CVI in the development of
coronary artery thrombosis is necessary in order to be
prepared to provide timely and most effective medical care.
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